Maternal Food Insecurity Is Associated with Increased Risk of Certain Birth Defects by Carmichael, Suzan L. et al.
Maternal Food Insecurity Is Associated with Increased Risk of
Certain Birth Defects,1,2
Suzan L. Carmichael3,*, Wei Yang3, Amy Herring4, Barbara Abrams5, and Gary M. Shaw3
3March of Dimes Foundation, California Birth Defects Monitoring Program, Berkeley, CA 94710
4Department of Biostatistics and Carolina Population Center, University of North Carolina; Chapel Hill,
NC 27599
5University of California, School of Public Health, Berkeley, CA 94720
Abstract
Food insecurity represents a lack of access to enough food to meet basic needs. We hypothesized
that food insecurity may increase birth defect risks, because it is an indicator of increased stress or
compromised nutrition, which are both implicated in birth defect etiologies. This study used
population-based case-control data. Included in the analysis were 1,189 case mothers and 695 control
mothers who were interviewed by telephone. We calculated a food insecurity score as the number
of affirmative responses to 5 questions from a shortened instrument designed to measure food
insecurity. OR for the food insecurity score specified as a linear term indicated that a higher score
was associated with increased risk of cleft palate, d-transposition of the great arteries, tetralogy of
Fallot, spina bifida, and anencephaly, but not with cleft lip with or without cleft palate, after
adjustment for maternal race-ethnicity, education, BMI, intake of folic acid-containing supplements,
dietary intake of folate and energy, neighborhood crime, and stressful life events. In addition, several
models suggested effect modification by certain factors. For example, for anencephaly, among
women with the worst score for neighborhood crime (i.e. 6), the OR associated with a 1-unit change
in the food insecurity score was 1.57 (95% CI 1.06, 2.33), whereas among women with a low crime
score (i.e. 2), the corresponding OR was 1.16 (95% CI 0.96, 1.38). This study suggests that increased
risks of certain birth defects may be included among the negative consequences of food insecurity.
Introduction
Food insecurity represents a lack of access to enough food to meet basic needs (1). It is
associated with decreased nutritional status, including limitations in the quality, quantity, and/
or frequency of food intake (2-4) and lower serum nutrient levels (3,5). It reflects some level
of financial stress (2) and 1 study reported that it was associated with increased perceived stress
among pregnant women (6).
Food insecurity has been shown to affect several health outcomes. For example, it is associated
with decreased self-rated health status among adults and children (2,7-9) and with depression
and anxiety in mothers (6,10). Its effects on reproductive outcomes have not been well studied.
These effects may be particularly important, however, given the increased nutritional
requirements during pregnancy and the potential negative effects of stress and compromised
nutrition on maternal and infant health (6).
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Food insecurity has not been evaluated with respect to birth defect risks. We hypothesized that
food insecurity may increase risks of birth defects, because it is an indicator of increased stress
or compromised nutrition, which are both implicated in the etiologies of birth defects. For
example, several observational studies have reported that maternal stressful life events are
associated with increased risks of neural tube defects (NTD), orofacial clefts, and conotruncal
heart defects (11-20). Many studies have reported that these birth defects are associated with
intake of folic acid and other nutrients (21-26). In addition, previous studies have reported that
dietary quality (27,28), dieting that involves food restriction (29), and famine (30,31) are
associated with increased NTD risk. This study investigated food insecurity as a risk factor for
NTD, orofacial clefts, and conotruncal heart defects using recent data from a population-based
case-control study in California.
Methods
This case-control study included liveborn, stillborn (fetal deaths at ≥20 wk gestation), and
prenatally diagnosed, electively terminated cases that occurred to mothers residing in Los
Angeles, San Francisco, and Santa Clara counties (20). The study included data on deliveries
that had estimated due dates (EDD) from July, 1999 to June, 2004. Case information was
abstracted from multiple hospital reports and medical records and then reviewed by a clinical
geneticist. Infants diagnosed with single gene disorders or chromosomal aneusomies (based
on information gathered from chart reviews) were ineligible. Each case was classified as
isolated if there was no concurrent major malformation or as non-isolated if there was at least
1 accompanying major malformation. Case groups included spina bifida, anencephaly, cleft
palate, cleft lip with or without cleft palate, and the conotruncal heart defects d-transposition
of the great arteries and tetralogy of Fallot. Spina bifida included cases of lipomeningocele,
meningomyelocele, and myelocystocele. For each conotruncal heart defect case, anatomic and
physiologic features were confirmed by reviewing echocardiography, cardiac catheterization,
surgery, or autopsy reports. Infants with d-transposition of the great arteries associated with
an endocardial cushion defect or with double outlet right ventricle were excluded.
Ascertainment of clefts and NTD ended with EDD June 30, 2003; ascertainment of the
conotruncal heart defects ended with EDD June 30, 2004. Nonmalformed, liveborn controls
were selected randomly from birth hospitals to represent the population from which the cases
were derived. Specifically, controls were randomly selected from area hospitals in proportion
to their contribution to the total population of liveborn infants (i.e. the number of eligible control
infants from each hospital was in proportion to that hospital’s contribution to the most recent
birth cohort for which vital statistics data were available). Ascertainment of controls ended
with EDD June 30, 2004.
Mothers were eligible to interview if they were the biologic mother and carried the pregnancy
of the selected study subject, they were not incarcerated, and their primary language was
English or Spanish. Maternal interviews were conducted using a standardized, computer-based
questionnaire, primarily by telephone, in English or Spanish, no earlier than 6 wk after the
infant’s EDD. A variety of exposures were assessed, focusing on the periconceptional time
period, which was defined as 2 mo before through 2 mo after conception.
In total, 80% of eligible case mothers (1355) and 77% of control mothers (700) were
interviewed. Eleven percent of eligible case mothers and 12% of control mothers were not
locatable and the remainder of the nonparticipants declined the interview. The median time
between EDD and interview completion was 10 mo for cases and 8 mo for controls. Cases and
controls with a family history of the selected defects in a parent or sibling, mothers who had
type I or II diabetes, and mothers taking medications to prevent seizures were excluded from
all analyses, given that those subjects may be different etiologically (80 cases and 5 controls).
Nonisolated cleft cases were also excluded, given that a different etiology is suspected for them
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(86 cases). After these exclusions, 695 controls were available for analyses (623 with EDD
through June 30, 2003) and 1189 cases: 139 anencephaly, 186 spina bifida, 145 isolated cleft
palate, 419 isolated cleft lip with or without cleft palate, 165 tetralogy of Fallot, and136 d-
transposition of the great arteries (1 case had anencephaly and tetralogy of Fallot).
Food insecurity
To measure food insecurity, we used 5 of 6 questions about experiences and behaviors
associated with having difficulty meeting basic food needs from a shortened, validated scale
(1). The exact questions were: During the 2 mo before through the 2 mo after you became
pregnant: 1) Did your food ever run out before you could afford to buy more? 2) Could you
ever not afford to eat balanced meals? 3) Did you ever cut the size of your meals or skip meals
because there wasn’t enough money for food? 4) How often did this happen? (considered
affirmative if the response was ∼1 time per month or more frequent); and 5) Were you ever
hungry but didn’t eat because you couldn’t afford enough food? One of the 6 questions from
the original scale was excluded (“Did you ever eat less than you felt you should have because
there wasn’t enough money for food?”) due to an erroneous skip pattern in the questionnaire
format (it was originally asked as question 5). A food insecurity score was calculated by
summing the number of affirmative responses to the 5 questions.
Covariates
Several known risk factors for the selected birth defects were considered as covariates: maternal
race-ethnicity (US-born Hispanic, foreign-born Hispanic, non-Hispanic white, other);
education (less than high school, high school, some college, 4-y college degree or more); pre-
pregnancy BMI (kilograms per square meter); intake of folic acid-containing multivitamin/
mineral supplements (any vs. none); and dietary intake of folate and energy (kiloJoules) during
the periconceptional period. As additional measures of maternal stress, we included an index
of neighborhood crime (the number of “yes” responses to 6 questions) (32) and an index of
stressful life events (the number of “yes” responses to 18 questions) (20), also reported during
the periconceptional period. To assess usual dietary intake of folate and energy, women
answered a 107-item, modified version of the Health Habits and History Questionnaire, a well-
known, semiquantitative FFQ with demonstrated reliability and validity (33,34). Participants
reported their usual frequency and serving size for each food item they consumed and they
answered several questions about food preparation techniques (e.g. what type of fat is usually
used in preparing foods). The FFQ was modified to include ethnic foods appropriate to the
diverse study population, especially Hispanics; a version with similar modifications
demonstrated good validity and reliability, particularly among Hispanics (35). Analytic
software developed for the survey instrument (i.e. Dietsys) was used to compute the average
daily dietary intake of single nutrients. Data were recoded to missing for the following women,
due to potentially invalid results: women with 4 or more missing food items (n = 23 total);
women who reported eating >30 foods per day (n = 54) or fewer than 4 foods per day (n = 6
total, but 3 were retained for analysis, because the interviewer confirmed special circumstances
that resulted in reduced food intake); women who reported 3 or more high frequency foods
(n = 24; i.e. foods that were eaten 2 or more times per day or beverages that were consumed
more than 6 times per day); and women who consumed >6000 kcal/d (i.e. 25,116 kJ, n = 35)
or fewer than 500 kcal/d (i.e. 2093 kJ, n = 5). In total, these criteria resulted in missing data
for 49 mothers of controls and 52 mothers of cases.
Analysis
The association of the food insecurity score with each outcome was evaluated using logistic
regression to estimate OR and 95% CI. The food insecurity score was specified as continuous
for most analyses, but it was also examined as a categorical variable to ensure that a continuous
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specification seemed appropriate. The continuous specification was preferred, because it yields
the most power to detect differences, which was especially important for analyses of specific
phenotypes. To determine whether the specification of the food insecurity score as a continuous
variable was appropriate, we compared the goodness-of-fit of models specifying the score
using a linear term with saturated models specifying the score as categorical by comparing the
deviances of nested models for each phenotype. The categorical model (i.e. 5 dummy variables)
is statistically equivalent to a saturated polynomial model for the score (i.e. raised to the second,
third, fourth, and fifth power) so that the deviance comparison is valid (36).
Backward step-wise selection was used to derive final multivariable models that included the
food insecurity score as a continuous variable. The initial models included all potential
covariates listed above and all 2-way interactions of the food insecurity score with each of the
covariates. In each step, the term with the highest P-value was removed until all terms had P
< 0.10 (covariates with P ≥ 0.10 were retained if their 2-way interaction remained in the model).
Because of missing data on some covariates and concern about selection bias (i.e. it is possible
that women who have missing data are different from women with no missing data), we
compared models that were derived based on 2 scenarios: 1) including the same set of subjects
throughout the backward selection procedure (i.e. subjects with complete data on all
covariates); and 2) allowing the inclusion of different subjects at each stage of model selection
(i.e. subjects with complete data on the covariates in each model generated during the backward
selection process). We then selected the model with the best fit, which was assessed using the
likelihood ratio test; for these comparisons, we included the maximum number of subjects that
had complete covariate data for both models so they would be nested. All data collection was
approved by the State of California, Health and Human Services Agency, Committee for the
Protection of Human Subjects.
Results
Most of the mothers of case and controls were Hispanic, many had less than a high school
education, a majority took a folic acid-containing supplement during the periconceptional
period, a majority did not report any positive responses to the questions about neighborhood
crime, and a majority reported at least 1 stressful life event (Table 1).
The percentage of mothers reporting “yes” to each food insecurity question was from 3 to 9%
among the controls and from 6 to 11% among the cases. The correlations of the food insecurity
questions with each other ranged from 0.35 to 0.66 among controls and 0.42 to 0.63 among
cases, with the exception of the correlation between questions 3 and 4 (see above); their
correlation was higher (r = 0.93 among controls and r = 0.97 among cases), because we asked
question 4 only if the answer to question 3 was affirmative. Internal consistency of the revised
5-item scale was good, with Cronbach’s α equal to 0.87 among controls. A total of 87% of the
mothers of controls responded negatively to all 5 food insecurity questions; the corresponding
percentage among the case phenotypes was slightly lower (Table 2).
For analyses of the food insecurity score as a categorical variable, certain phenotypes were
grouped together due to sparse cells and instability of estimates. There was some indication
that higher scores were associated with higher risk, but a clear dose-response pattern was not
evident and the estimates tended to be imprecise (Table 2). The goodness-of-fit of models
including the food insecurity score as continuous were then compared with models including
it as categorical. All model comparisons had P-values ≥ 0.2, suggesting that the categorical
specification did not substantially improve the fit of the model. The food insecurity score was
therefore specified as a continuous variable in further analyses.
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Unadjusted OR for the food insecurity score specified as continuous indicated that a higher
score was associated with increased risk of all of the phenotypes (Table 3). Results were similar
for all women and for the reduced set of women who were included in the final multivariable
models. Among all women, the increase in risk for a 1-unit change in the food insecurity score
ranged from 3 to 20% and the increase in risk for a 3-unit change ranged from 9 to 73% (the
change in risk for a 3-unit change was calculated by raising the OR for a 1-unit change to the
third power).
The final multivariable models included various sets of covariates and the models for spina
bifida and cleft lip with or without cleft palate were the only ones that did not include any 2-
way interactions (Table 4). For spina bifida, the adjusted OR (1.12) was similar to the
unadjusted OR (1.15). For cleft lip with or without cleft palate, the adjusted OR (0.98) was
closer to 1 than the unadjusted OR (1.07).
The association of food insecurity with risk of anencephaly was particularly strong among
women who had higher scores for neighborhood crime (Table 4). For example, among women
with the worst score on neighborhood crime (i.e. 6), the OR for a 1-unit change in the food
insecurity score was 1.57 and the OR for a 3-unit change was 3.86.
The multivariable models for cleft palate and d-transposition of the great arteries suggested
that their association with food insecurity was modified by BMI (Table 4). Adjusted OR were
calculated for the median BMI value among women considered to be underweight, normal
weight, overweight, and obese (37). The OR suggested that the association of food insecurity
with these 2 phenotypes was particularly strong in women who were underweight; in women
with a BMI of 18.9 kg/m2, for cleft palate, the OR for a 1-unit change in the food insecurity
score was 1.81, which translates to an OR of 5.9 for a 3-unit change; for d-transposition of the
great arteries, the corresponding OR were 1.51 and 3.45. For cleft palate, food insecurity was
associated with reduced risk among obese women (OR 0.56).
The final model for tetralogy of Fallot suggested that its association with food insecurity was
modified by folic acid supplement intake (Table 4). Among women who did not take
supplements, a 1-unit change in the food insecurity score was associated with increased risk
(OR 1.23); among women who did take supplements, a 1-unit increase in food insecurity was
not associated with increased risk (OR 0.86).
Discussion
We found that positive responses to a brief series of questions designed to measure food
insecurity were associated with increased risks of certain birth defects, even after consideration
of the potential confounding or modifying effects of maternal race-ethnicity, education, BMI,
intake of folic acid-containing supplements, dietary intake of folate and energy, neighborhood
crime, and stressful life events.
This study used 5 of 6 questions from a shortened, validated scale (1). According to the scale
developers, a score of 0-1 represents food security; 2-4, food insecurity without hunger, and
5-6, food insecurity with hunger. Rather than restrict our analysis to these 3 categories, we
chose an alternative analytic approach (i.e. we did not collapse responses into these predefined
categories) for the following reasons: given that we included only 5 of the 6 original questions,
some women with a score of 1 may have been misclassified as food secure; a positive response
to any of the questions suggests potential stress or nutritional compromise; the association of
these questions with health outcomes has not been examined by many previous studies; and
analyzing all possible scores allowed us to maximize our exploration and use of the data, rather
than losing some potentially important information. The current analysis may be considered
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somewhat exploratory given that we chose this analytic approach and that no previous studies
to our knowledge have examined the association of food insecurity with birth defect risks.
We observed evidence for effect modification in several of the final multivariable models.
Results for anencephaly were stronger among women with higher scores on neighborhood
crime, results for cleft palate and d-transposition of the great arteries were stronger among
women who were underweight, and results for tetralogy of Fallot were stronger among women
who did not take folic acid supplements during early pregnancy. We prefer not to speculate
about potential explanations for these results, given the somewhat preliminary nature of the
current study, but each of these observations is in the expected direction.
National estimates suggest that ∼12% of U.S. households may have experienced food
insecurity in the last year (38). The current study found that 10% of control mothers had 2 or
more affirmative responses to the food insecurity questions and would therefore be considered
food insecure (1). However, this percentage may be an underestimate of actual food insecurity
in the past year, given that we used only 5 of the 6 original questions in the scale and our
estimates were only for a 4-mo time span.
We hypothesized that food insecurity may be associated with risks of birth defects, because it
is an indicator of increased stress or compromised nutrition. Maternal food restriction (defined
as not eating for 13 h or more) and maternal stressful life events have been shown to be
associated with elevated maternal corticotropin-releasing hormone and corticosteroid levels
during pregnancy (39-41). Corticosteroids are teratogenic in animal models for various organ
systems (11,42,43) and they represent 1 possible explanation for observed associations of
maternal stress and food restriction with risks of birth defects. Corticosteroid medication use
during pregnancy has been shown to be associated with increased risk of orofacial clefts
(44-51), but its association with other birth defects is less certain due to a lack of studies rather
than a lack of evidence.
Strengths of this study include its comprehensive case ascertainment, detailed phenotypic
review, population-based control selection, and satisfactory level of participation in maternal
interviews. Given the relatively low frequency of the individual birth defects, we were limited
to a retrospective study design and recall bias could have occurred. Although there is concern
that mothers of malformed infants will overreport or more thoroughly report exposures than
controls (52-54), several studies suggest that recall bias is likely to be minimal for many
exposures (53-56), but none of them studied food insecurity. An additional concern is that the
time between exposures and actual interview could have affected mothers’ ability to correctly
recall exposures; it is unknown whether such limitations would be different for mothers of
cases or controls. Other, longer instruments to assess food insecurity would have provided
more detailed information that could have been useful to the analysis; however, the shortened
version has been well validated (1). Our approach of modeling the food insecurity score as a
continuous variable is unique, but it is supported by statistical testing that compared the
continuous approach with a more traditional, categorical approach. Given our somewhat
provocative findings, as well as the limitation in our measurement of food insecurity, further
studies of food insecurity and birth defects using more detailed measures of food insecurity
may be useful. The current study controlled for potential confounding or modifying effects of
several factors, including some aspects of stress (stressful life events, neighborhood crime),
nutrition (intake of supplements and dietary intake of folic acid and energy), and socioeconomic
level (maternal education), but residual confounding by unmeasured aspects of these factors
may serve as an alternative explanation for our findings. Some women chose not to participate
and a number of women were missing data on the studied covariates; the generalizability of
our results beyond the mothers with complete data is unknown.
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Food insecurity is a prevalent problem in the United States. It has negative consequences for
a variety of nutritional and non-nutritional outcomes (57). This study suggests that increased
risks of certain birth defects may be included among them.
Literature Cited
1. Blumberg SJ, Bialostosky K, Hamilton WL, Briefel RR. The effectiveness of a short form of the
household food security scale. Am J Public Health 1999;89:1231–4. [PubMed: 10432912]
2. Tarasuk VS. Household food insecurity with hunger is associated with women’s food intakes, health
and household circumstances. J Nutr 2001;131:2670–6. [PubMed: 11584089]
3. Bhattacharya J, Currie J, Haider S. Poverty, food insecurity, and nutritional outcomes in children and
adults. J Health Econ 2004;23:839–62. [PubMed: 15587700]
4. Kaiser LL, Melgar-Quinonez H, Townsend MS, Nicholson Y, Fujii ML, Martin AC, Lamp CL. Food
insecurity and food supplies in Latino households with young children. J Nutr Educ Behav
2003;35:148–53. [PubMed: 12773286]
5. Dixon LB, Winkleby MA, Radimer KL. Dietary intakes and serum nutrients differ between adults
from food-insufficient and food-sufficient families: Third National Health and Nutrition Examination
Survey, 1988-1994. J Nutr 2001;131:1232–46. [PubMed: 11285332]
6. Laraia BA, Siega-Riz AM, Gundersen C, Dole N. Psychosocial factors and socioeconomic indicators
are associated with household food insecurity among pregnant women. J Nutr 2006;136:177–82.
[PubMed: 16365079]
7. Stuff JE, Casey PH, Szeto KL, Gossett JM, Robbins JM, Simpson PM, Connell C, Bogle ML.
Household food insecurity is associated with adult health status. J Nutr 2004;134:2330–5. [PubMed:
15333724]
8. Cook JT, Frank DA, Berkowitz C, Black MM, Casey PH, Cutts DB, Meyers AF, Zaldivar N, Skalicky
A, et al. Food insecurity is associated with adverse health outcomes among human infants and toddlers.
J Nutr 2004;134:1432–8. [PubMed: 15173408]
9. Murphy JM, Wehler CA, Pagano ME, Little M, Kleinman RE, Jellinek MS. Relationship between
hunger and psychosocial functioning in low-income American children. J Am Acad Child Adolesc
Psychiatry 1998;37:163–70. [PubMed: 9473912]
10. Whitaker RC, Phillips SM, Orzol SM. Food insecurity and the risks of depression and anxiety in
mothers and behavior problems in their preschool-aged children. Pediatrics 2006;118:e859–68.
[PubMed: 16950971]
11. Montenegro MA, Palomino H, Palomino HM. The influence of earthquake-induced stress on human
facial clefting and its simulation in mice. Arch Oral Biol 1995;40:33–7. [PubMed: 7748110]
12. Laumon B, Martin JL, Bertucat I, Verney MP, Robert E. Exposure to organic solvents during
pregnancy and oral clefts: a case-control study. Reprod Toxicol 1996;10:15–9. [PubMed: 8998380]
13. Czeizel A, Nagy E. A recent aetiological study on facial clefting in Hungary. Acta Paediatr Hung
1986;27:145–66. [PubMed: 3756014]
14. Saxen I. Cleft lip and palate in Finland: parental histories, course of pregnancy and selected
environmental factors. Int J Epidemiol 1974;3:263–70. [PubMed: 4412458]
15. Strean LP, Peer LA. Stress as an etiologic factor in the development of cleft palate. Plast Reconstr
Surg 1956;18:1–8.
16. Carmichael SL, Shaw GM. Maternal life event stress and congenital anomalies. Epidemiology
2000;11:30–5. [PubMed: 10615840]
17. Hansen D, Lou HC, Olsen J. Serious life events and congenital malformations: a national study with
complete follow-up. Lancet 2000;356:875–80. [PubMed: 11036891]
18. Suarez L, Cardarelli K, Hendricks K. Maternal stress, social support, and risk of neural tube defects
among Mexican Americans. Epidemiology 2003;14:612–6. [PubMed: 14501277]
19. Adams MM, Mulinare J, Dooley K. Risk factors for conotruncal cardiac defects in Atlanta. J Am
Coll Cardiol 1989;14:432–42. [PubMed: 2787814]
20. Carmichael SL, Shaw G, Yang W, Abrams B, Lammer EJ. Maternal stressful life events and risks of
birth defects. Epidemiology 2007;18:356–61. [PubMed: 17435445]
Carmichael et al. Page 7













21. Botto LD, Mulinare J, Erickson JD. Do multivitamin or folic acid supplements reduce the risk for
congenital heart defects? Evidence and gaps. Am J Med Genet A 2003;121A:95–101. [PubMed:
12910485]
22. Werler MM, Hayes C, Louik C, Shapiro S, Mitchell AA. Multivitamin supplementation and risk of
birth defects. Am J Epidemiol 1999;150:675–82. [PubMed: 10512421]
23. Shaw GM, Lammer EJ, Wasserman CR, O’Malley CD, Tolarova MM. Risks of orofacial clefts in
children born to women using multivitamins containing folic acid periconceptionally. Lancet
1995;346:393–6. [PubMed: 7623568]
24. Shaw GM, O’Malley CD, Wasserman CR, Tolarova MM, Lammer EJ. Maternal periconceptional
use of multivitamins and reduced risk for conotruncal heart defects and limb deficiencies among
offspring. Am J Med Genet 1995;59:536–45. [PubMed: 8585581]
25. Velie EM, Block G, Shaw GM, Samuels SJ, Schaffer DM, Kulldorff M. Maternal supplemental and
dietary zinc intake and the occurrence of neural tube defects in California. Am J Epidemiol
1999;150:605–16. [PubMed: 10490000]
26. Berry RJ, Li Z, Erickson JD, Li S, Moore CA, Wang H, Mulinare J, Zhao P, Wong L-YC, et al.
Prevention of neural-tube defects with folic acid in China. N Engl J Med 1999;341:1485–90.
[PubMed: 10559448]
27. Carmichael SL, Shaw GM, Selvin S, Schaffer DM. Diet quality and risk of neural tube defects. Med
Hypotheses 2003;60:351–5. [PubMed: 12581611]
28. Laurence KM, James N, Miller M, Campbell H. Increased risk of recurrence of pregnancies
complicated by fetal neural tube defects in mothers receiving poor diets, and possible benefit of
dietary counselling. BMJ 1980;281:1592–4. [PubMed: 7448527]
29. Carmichael SL, Shaw GM, Schaffer DM, Laurent C, Selvin S. Dieting behaviors and risk of neural
tube defects. Am J Epidemiol 2003;158:1127–31. [PubMed: 14652296]
30. Wynn A, Wynn M. The effects of food shortage on human reproduction. Nutr Health 1993;9:43–52.
[PubMed: 8414274]
31. Stein Z, Susser M. The Dutch Famine, 1944-1945, and the reproductive process. I. Effects on six
indices at birth. Pediatr Res 1975;9:70–6. [PubMed: 1118193]
32. Collins JW, David RJ, Symons R, Handler A, Wall S, Andes S. African American mothers’ perception
of their residential environment, stressful life events, and very low birthweight. Epidemiology
1998;9:286–9. [PubMed: 9583420]
33. Block G, Hartman AM, Dresser CM, Carroll MD, Gannon J, Gardner L. A data-based approach to
diet questionnaire design and testing. Am J Epidemiol 1986;124:453–69. [PubMed: 3740045]
34. Block G, Woods M, Potosky A, Clifford C. Validation of a self-administered diet history questionnaire
using multiple diet records. J Clin Epidemiol 1990;43:1327–35. [PubMed: 2254769]
35. Mayer-Davis EJ, Vitolins MZ, Carmichael SL, Hemphill S, Tsaroucha G, Rushing J, Levin S. Validity
and reproducibility of a food frequency interview in a multi-cultural epidemiologic study. Ann
Epidemiol 1999;9:314–24. [PubMed: 10976858]
36. Muller, KE.; Fetterman, BA. Regression and ANOVA: an integrated approach using SAS software.
John Wiley & Sons; 2006. Coding schemes for regression.
37. Institute-of-Medicine Committee on Nutritional Status During Pregnancy and Lactation, Food and
Nutrition Board. Part I, Weight gain; part II, Nutrient supplements. National Academy Press;
Washington: 1990. Nutrition during pregnancy.
38. Nord M, Andrews M, Winicki J. Frequency and duration of food insecurity and hunger in US
households. J Nutr Educ Behav 2002;34:194–200. [PubMed: 12217262]
39. Hobel CJ, Dunkel-Schetter C, Roesch SC, Castro LC, Arora CP. Maternal plasma corticotropin-
releasing hormone associated with stress at 20 weeks’ gestation in pregnancies ending in preterm
delivery. Am J Obstet Gynecol 1999;180:S257–63. [PubMed: 9914629]
40. Wadhwa PD, Dunkel-Schetter C, Chicz-DeMet A, Porto M, Sandman CA. Prenatal psychosocial
factors and the neuroendocrine axis in human pregnancy. Psychosom Med 1996;58:432–46.
[PubMed: 8902895]
41. Herrmann TS, Siega-Riz AM, Hobel CJ, Aurora C, Dunkel-Schetter C. Prolonged periods without
food intake during pregnancy increase risk for elevated maternal corticotropin-releasing hormone
concentrations. Am J Obstet Gynecol 2001;185:403–12. [PubMed: 11518900]
Carmichael et al. Page 8













42. Rowland J, Hendrickx A. Corticosteroid teratogenicity. Adv Vet Sci Comp Med 1983;27:99–128.
[PubMed: 6359839]
43. Fraser F, Fainstat T. The production of congenital defects in the offspring of pregnant mice treated
with cortisone: a progress report. An Pediatr (Barc) 1951;8:527–33.
44. Czeizel AE, Rockenbauer M. Population-based case-control study of teratogenic potential of
corticosteroids. Teratology 1997;56:335–40. [PubMed: 9451758]
45. Rodriguez-Pinilla E, Martinez-Frias M. Corticosteroids during pregnancy and oral clefts: a case-
control study. Teratology 1998;58:2–5. [PubMed: 9699238]
46. Carmichael SL, Shaw GM. Maternal corticosteroid use and orofacial clefts. Am J Med Genet
1999;86:242–4. [PubMed: 10482873]
47. Edwards MJ, Agho K, Attia J, Diaz P, Hayes T, Illingworth A, Roddick LG. Case-control study of
cleft lip or palate after maternal use of topical corticosteroids during pregnancy. Am J Med Genet A
2003;120:459–63. [PubMed: 12884422]
48. Pradat P, Robert-Gnansia E, Di Tanna GL, Rosano A, Lisi A, Mastroiacovo P. First trimester exposure
to corticosteroids and oral clefts. Birth Defects Res Part A Clin Mol Teratol 2003;67:968–70.
[PubMed: 14745915]
49. Kallen B. Maternal drug use and infant cleft lip/palate with special reference to corticoids. Cleft Palate
Craniofac J 2003;40:624–8. [PubMed: 14577813]
50. Robert E, Vollset S, Botto L, Lancaster P, Merlob P, Cocchi G, Ashizawa M, Sakamoto S, Orioli I.
Malformation surveillance and maternal drug exposure: the MADRE project. Int J Risk Safety Med
1994;6:78–118.
51. Park-Wyllie L, Mazzotta P, Pastuszak A, Moretti ME, Beique L, Hunnisett L, Friesen MH, Jacobson
S, Kasapinovic S, et al. Birth defects after maternal exposure to corticosteroids: prospective cohort
study and meta-analysis of epidemiological studies. Teratology 2000;62:385–92. [PubMed:
11091360]
52. Lippman, A.; Mackenzie, SG. What is “recall bias” and does it exist?. In: Marois, M., editor.
Prevention of physical and mental congenital defects. Alan R. Liss; New York: 1985. p. 205-9.
53. Swan SH, Shaw GM, Shulman J. Reporting and selection bias in case-control studies of congenital
malformations. Epidemiology 1992;3:356–63. [PubMed: 1637899]
54. Khoury MJ, James LM, Erickson JD. On the use of affected controls to address recall bias in case-
control studies of birth defects. Teratology 1994;49:273–81. [PubMed: 8073366]
55. Klemetti A, Saxen L. Prospective versus retrospective approach in the search for environmental causes
of malformations. Am J Public Health Nations Health 1967;57:2071–5. [PubMed: 6070247]
56. Werler MM, Pober BR, Nelson K, Holmes LB. Reporting accuracy among mothers of malformed
and nonmalformed infants. Am J Epidemiol 1989;129:415–21. [PubMed: 2643303]
57. Holben DH. Position of the American Dietetic Association: food insecurity and hunger in the United
States. J Am Diet Assoc 2006;106:446–58. [PubMed: 16568582]
Carmichael et al. Page 9

























Carmichael et al. Page 10
TABLE 1
Characteristics of mothers of controls (n = 695) and cases (n = 1189)
Controls Cases
Race-ethnicity n (%)1
 US-born Hispanic 153 (22) 194 (17)
 Foreign-born Hispanic 263 (38) 501 (43)
 Non-Hispanic white 142 (21) 273 (23)
 Other 127 (19) 208 (18)
 Total, n 685 1176
Education
 Less than high school graduation 200 (29) 381 (32)
 High school graduation 166 (24) 240 (20)
 1-3 y college 150 (22) 276 (24)
 ≥4 y college 166 (24) 277 (24)
 Total, n 682 1174
Prepregnancy BMI, kg/m2
 Underweight (<19.8) 104 (16) 136 (13)
 Normal weight (19.8-26.0) 349 (54) 579 (54)
 Overweight (26.1-29.0) 79 (12) 166 (15)
 Obese (>29.0 kg/m2) 118 (18) 197 (18)
 Total, n 650 1078
Intake of folic acid-containing supplements2
 No 270 (39) 515 (43)
 Yes 423 (61) 672 (57)
 Total, n 693 1187
Neighborhood crime3
 None 374 (55) 640 (55)
 Any 303 (45) 516 (45)
 Total, n 677 1156
Stressful life events3
 None 300 (44) 424 (36)
 Any 388 (56) 750 (64)
 Total, n 688 1174
Dietary folic acid intake,4 μg/d 437.4 ± 189.4 420.1 ± 202.0
 Total, n 646 1137
Dietary energy intake,4 kcal/d 2690.8 ± 961.6 2614.2 ± 994.2
 Total, n 646 1137
1
Total number of cases is <1189 and of controls is <695 due to missing data; numbers may not add to 100% due to rounding.
2
During the 2 mo before or the first 2 mo after conception.
3
Indicates the percentage of women with any vs. no “yes” responses to the series of questions, during the 2 mo before through the first 2 mo after conception.
4
Values are means ± SD; 1 kcal = 4.184 kJ.
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TABLE 4
Adjusted OR for the food insecurity score and birth defects, stratified by maternal characteristics
Cases Controls Adjusted OR (95% CI)1
n
Spina bifida2 184 615 1.12 (0.97, 1.28)
Anencephaly3 125 567
 Neighborhood crime = 2 1.16 (0.96, 1.38)
 Neighborhood crime = 4 1.35 (1.04, 1.75)
 Neighborhood crime = 6 1.57 (1.06, 2.33)
Cleft palate4 118 533
 Underweight (BMI = 18.9 kg/m2) 1.81 (1.17, 2.78)
 Normal weight (BMI = 22.8 kg/m2) 1.27 (1.00, 1.61)
 Overweight (BMI = 27.4 kg/m2) 0.83 (0.59, 1.19)
 Obese (BMI = 32.0 kg/m2) 0.56 (0.29, 1.06)
Cleft lip with or without cleft palate5 374 575 0.98 (0.85, 1.12)
d-Transposition of the great arteries6 127 639
 Underweight (BMI = 18.9 kg/m2) 1.51 (1.13, 2.02)
 Normal weight (BMI = 22.8 kg/m2) 1.29 (1.07, 1.56)
 Overweight (BMI = 27.4 kg/m2) 1.07 (0.86, 1.34)
 Obese (BMI = 32.0 kg/m2) 0.89 (0.62, 1.30)
Tetralogy of Fallot7 157 641
 No folic acid supplement intake 1.23 (0.98, 1.53)
 Folic acid supplement intake 0.86 (0.63, 1.18)
1
Reflects the OR for a 1-unit change in the food insecurity score; the adjusted OR for an x-unit change equals (OR for a 1-unit change)x; the subsequent
footnotes list the variables that remained in the phenotype-specific models after backward step-wise selection.
2
Spina bifida OR were adjusted for race-ethnicity.
3
Anencephaly OR were adjusted for BMI and stressful life events.
4
Cleft palate OR were adjusted for dietary folate, neighborhood crime, and stressful life events; BMI was included as a continuous variable; the adjusted
OR were calculated for the median BMI value in control mothers in each BMI category.
5
Cleft lip with or without cleft palate OR were adjusted for race-ethnicity, folic acid supplement intake, BMI, and stressful life events.
6
d-Transposition of the great arteries OR were adjusted for maternal education; BMI was included as a continuous variable; the adjusted OR were calculated
for the median BMI value in control mothers in each BMI category.
7
Tetralogy of Fallot OR were adjusted for race-ethnicity, dietary folate intake, and stressful life events.
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